Parkinson's disease (PD) is the second most frequent neurodegenerative disease and the leading cause of parkinsonism. Parkinsonism is defined by the presence of bradykinesia and at least one of the following symptoms: rigidity, resting tremor and postural instability. The pathophysiology PD is defined as the result of the loss of dopaminergic neurons in the substantia nigra pars compacta and the accumulation of alpha-synuclein aggregated in the remaining neurons 
diagnosis of the disease is clinical, based on the presence of the cardinal motor symptoms and the exclusion of other causes of parkinsonism, including vascular and drug-induced parkinsonism. In recent years, several nonmotor symptoms have been recognized as major components of the disease 1, 2 . Neurotrophic factors (NF [s] ) are soluble polypeptides that are involved in the development, growing, functioning and regulation of neurons and neuron-supporting cells. They usually act through membrane-bound receptors with intrinsic tyrosine kinase activity, determining the activation of transcription factors and the expression of specific genes. These genes encode proteins involved in regulating neuronal survival, differentiation and plasticity 3, 4 . Parkinson's disease is an age-related disease 5 and abnormal NF support during aging seems to play a major role in the pathophysiology of neurodegenerative diseases, such as Alzheimer's disease and PD.
Due to their intrinsic properties of promoting neuronal and glial cell regeneration, NFs became a subject of research in the treatment of neurodegenerative diseases. Interestingly, some drugs used clinically to treat Alzheimer's disease (memantine) and PD (levodopa, rasagiline, pramipexole, ropinirole) share the property of modulating NF levels in the brain regions involved in the pathophysiology of the respective disease 3 . In PD, although the strategies were successful in inducing protection of dopaminergic neurons in vitro and motor recovery in preclinical models of the disease, very limited success has been obtained in clinical studies 6 . Evidence linking NF dysfunction with PD came from postmortem studies that reported reduced levels or expression of brain-derived neurotrophic factor (BDNF) 7, 8 , nerve growth factor (NGF) 7 , glial cell line-derived neurotrophic factor (GDNF) 8 and ciliary neurotrophic factor (CNTF) 8 in the substantia nigra of people who suffered from PD. Moreover, circulating levels of NGF 9 and BDNF [10] [11] [12] [13] [14] were also found to be altered in the circulation of patients with PD.
Given the relevance of NFs in PD, the aim of this work was to evaluate plasma levels of NFs and their possible associations with clinical symptoms in PD.
METHODS

Participants and clinical evaluation
This study was conducted in the same cohort of patients as the study by Rocha et al.
15
, and therefore included 40 patients diagnosed with PD and a group of 25 control participants of comparable age, sex, educational level and body mass index (BMI). We followed the methods of Rocha et al.
. The diagnosis of PD was based on the UK Brain Bank criteria 1 . Patients were recruited from the Movement Disorders outpatient clinic, Santa Casa de Belo Horizonte Hospital, Belo Horizonte, Brazil. Control participants were recruited from the local community. Participants were excluded if they had undergone previous neurosurgery or if they had any other neurological disorder and/or cognitive decline (i.e., delirium or dementia), significant sensory impairment and active infectious or autoimmune diseases in the previous four weeks. In addition, individuals who had used corticosteroids, anti-inflammatories or antibiotics in the four weeks prior to the study were excluded. All participants provided written informed consent before admission to the study. The Research Ethics Committee of the Universidade Federal de Minas Gerais, Brazil approved this study.
All patients were evaluated with the Unified Parkinson's Disease Rating Scale (UPDRS) 16 , which assesses different signs and symptoms of PD. The UPDRS scores were obtained in the "on" state of the disease. The modified Hoehn and Yahr staging scale was used to establish the stage of PD
17
. The modified Schwab and England activities of daily living scale was used to assess the daily routines of PD patients 16 . All individuals were subjected to a cognitive examination, which included the Mini-Mental Status Examination 18 adapted for the elderly Brazilian population
19
. The Mini-Mental Status Examination is a brief test for cognitive screening, comprising items from different domains such as orientation, attention, memory and language. Since impairment in executive functioning is the most common cognitive deficit in PD patients, the Frontal Assessment Battery was also used 20, 21 . This is a brief assessment tool that evaluates executive functioning and consists of six sub-tests exploring cognitive processes related to the frontal lobes: conceptualization, mental flexibility, motor programming, sensitivity to interference, inhibitory control and environmental autonomy. In addition, all participants were evaluated using the Beck's Depression Inventory, a self-rating instrument for depressive symptoms comprising 21 items, each ranging from 0 to 3, according to the severity of symptoms 22 . The Beck's Depression Inventory has been validated as a tool for depression screening and diagnosis in PD 23, 24 .
Assessment of neurotrophic factors
Ten milliliters of blood were drawn by venipuncture in vacuum tubes containing heparin (Vacuplast, Huangyn, China) on the same day as the clinical assessment. In order to rule out any confounding factors caused by circadian rhythm, all samples were collected at the same time of the day, between 14:00-16:00. The whole blood samples were kept at room temperature and used within two hours of having been drawn. These samples were then centrifuged at 1,700 g for 10 min, 4°C, twice. The plasma was collected and stored at -70°C until assayed.
Plasma levels of BDNF, pro-BDNF, GDNF, NGF, CNTF, neurotrophin (NT)3 and NT4 were measured by enzyme-linked immunosorbent assay according to the procedures supplied by the manufacturer (DuoSet, R&D Systems, Minneapolis, MN, USA). The assays were performed in duplicate, blinded to the clinical status of the participants. Concentrations are expressed as pg/mL. Lower detection limits for all analyzed molecules were 10 pg/mL.
Statistical analysis
Association between dichotomous variables was assessed with Fisher's exact test. All variables were tested for Gaussian distribution by the Shapiro-Wilk normality test. The two groups (patients vs. controls) were compared using the Mann-Whitney U or Student's t tests when non-normally or normally distributed, respectively. Spearman's correlation analyses were performed to examine the relationship between clinical variables and plasma levels of the NFs. All statistical tests were two-tailed and were performed using a significance level of α = 0.05. Statistical analyses were performed using SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA) as well as GraphPad Prism 5.0 for Windows™ (GraphPad Software, Inc., La Jolla, CA, USA)
RESULTS
Sociodemographic and clinical results
This study included 40 patients with PD and 25 controls whose clinical and demographic characteristics are shown in Table 1 . Patients with PD and the controls did not differ with respect to age, sex, educational level and BMI. The control individuals showed better cognitive performance than patients with PD, as demonstrated by the Mini-Mental Status Examination scores. In addition, PD patients were worse than controls in the programming task of the Frontal Assessment Battery. Patients with PD also had higher scores on the Beck's Depression Inventory compared with controls. This result indicates that patients with PD experience more depressive symptoms than individuals who are not diagnosed with PD.
The clinical features of PD are presented in Table 2 . Patients with PD exhibited mild to moderate motor impairment as evidenced by the UPDRS, with a median Hoehn and Yahr staging of 2% and Schwab and England activities of daily living median of 80%. These parameters are compatible with non-advanced PD. The great majority of PD patients included in this study (92.5%) were taking levodopa.
Plasma levels of NFs
There was no significant difference between PD patients and controls regarding the plasma levels of the evaluated NFs (Figure) . The NF levels obtained for both the patients with PD and the controls are provided in Table 3 .
The NF levels were not associated with disease duration or with the degree of motor or functional impairment, as assessed by the UPDRS. Among controls, higher levels of BDNF were associated with lower severity of depressive symptoms, as assessed by the Beck's Depression Inventory (rho = -0.547, p = 0.005). The same association was not found in patients with PD. 
DISCUSSION
Despite several studies using different approaches having pointed out a key role of NFs in PD, we found that circulating levels of NFs (BDNF, pro-BDNF, NGF, CTNF, GDNF, NT3 and NT4) were not changed in PD patients when compared with BMI-, sex-and age-matched controls.
It is worth noting a significant dispersion in the levels of NFs, mainly in the PD group. This dispersion might explain the divergence from previous studies. For example, a series of studies found lower circulating levels of NFs in PD compared with controls [10] [11] [12] [13] [14] . Increased levels of NFs have also been described in serum 25 and cerebrospinal fluid (CSF) 26 of PD patients. The dispersion in the levels of NFs might be explained by individual characteristics such as disease stage, medical comorbidities, physical activity, medications in use, disease phenotype, among others. Physical activity has been extensively linked to changes in NF levels. Not only do BDNF levels increase, but motor symptoms may also decrease in response 
Variables
Patients with PD (n = 40) to physical activity 25, 27, 28 . Indeed, physical activity has been proposed as a therapeutic intervention to ameliorate PD symptoms and delay PD progression. The existing data suggest an association between the increase in serum levels of BDNF and the beneficial effects of physical activity in PD 6 . Regarding the disease phenotype (i.e., predominant clinical presentation), lower BDNF levels have been associated with a greater severity of depressive symptoms 13 and cognitive impairment 14 . Corroborating these results, lower CSF levels of BNDF have also been associated with depression 29 , and higher CSF BDNF levels with better cognitive performance in PD
30
. Conversely, our independent cohort of PD patients showed that BDNF levels correlated positively with the duration of the disease and the severity of motor symptoms 10 . We hypothesized that lower BDNF levels in early stages of the disease may be associated with pathogenic mechanisms of PD. The increase of BDNF levels with the progression of the disease may be a compensatory mechanism in more advanced stages of PD
.
We are aware of the limitations of our study, including the sample size and the cross-sectional design of the study. The lack of information about physical activity is an important limitation for the interpretation of our results. In addition, all patients were medicated and the observed findings might also be influenced by their ongoing treatment. In contrast, the strict exclusion criteria, the selection of controls with comparable age, sex and BMI, and the comprehensive clinical evaluation can be regarded as strengths of the study.
In conclusion, although NFs may play relevant roles in the pathophysiology of PD, we did not find changes in the circulating levels of these molecules. Several factors can influence the circulating levels of NFs, and these need to be controlled to obtain meaningful pathophysiological information in PD. 
